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AT MACE NUMBERS FROM 0.70 TO 2.22 - LATERAL- 

DIRFX=TIONAL CHARA(=TERISTICS OF A 

By Victor L. Peterson and Gene P. Menees 

Results  of an investigation  of  the  static  lateraldirectional 
stability  characteristics of a canard  airpLase  configuration are presented 
without  analysis f o r  the Mach number  range of 0.70 to 2.22. The  configu- 
ration  consisted of a trimguhr w i n g  and triangular c u r d  both having 
an aspect  ratio of 2.0, a l o w  aspect  ratio  vertical  tail,  and a fineness 
ratio 12.5 Sems-Haack body.  The  hinge  line of the canard was in the 
extended w h g  chord plane, 1.21 nLng mean erodynamlc chords ahead of the 
reference  center of moments.  The  ratio of the  area of the exposed canard 
panels to the  total mea of  the w i n g  was 6.9 percent.  Data  are  presented 
fo r  various  combinations of the  car.mrd, body, w, and vertical  tail. 
These  data were obtafned at angles of attack f rom -60 to +ao at Oo and +5O 
sidesup a e s  at  angles of attack of appm-te- OO and +loo at 
sideslip angles f r o m  -8O to +loo. The canard was set  at  Etngles from Oo 
to +ao. . 

IFIXODUCTION 

The  possible g a h s  tha,t can be  realized  at  sugersonic  speeds  by  the 
use  of canards rather than tail aft  controls  include  reduced  trim drag 
and increased  maneuverability.  Because  of  the  increased  interest in these 
arrangements, &z1 extensive  research program aimed  at  determfnFng the static 
longitudinal,  lateral; and directional  characteristics of a number of 
canard configurations has been  undertaken  at  the NA.C!A Laboratories, This 
report  is  one of a series pertaining to the  program and presents  without 
analysis the  static  lateral-directional  stability  characteristics f r o m  the 
Ames  Laboratory f o r  ope  complete  configuration and its  component parts. 
The  configuration  consisted of a trfangulm w h g  and triangulkr  canard 
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both having an aspect  ratio of 2.0, a Sears-Haack body of fineness 
ratio 12.5, and a low aspect  ratio  xertical tail. The  results  for this 
same configuration  showing  the  longitudinal  stability and control char- 
acteristics  have  been presented in reference 1. Other  phases  of  the 
h e s  investigation m e  repor ted in references 2 through 4. 

b W F n g  ST=, ft 

E m e a  aerodynamic  chord  of'wing, ft 

CD drag coefficient, - drag 
as 

CL lift  coefficient, - lift 
ss 

C, pitching-moment  coef'f'icient , moment, referred  to  the pro- 

Qection of the 0.21'c pint on the  fuselage  reference line 
QSE 

C 2  rolling-moment  coefficient, rolling  moment 
¶Sb 

C, yawing-moment  coefficient, yawing moment 
slsb 

0, side-force  coefficient, side  force 
ss 

- difference  between 1-01- moment at 5' sidesup and 0' sidesup AC 2 
P divided  by 5O, per  deg 

&% dlfference  between y-awing moment at. 5O sideslip and Oo sideslig 
B divided by 50, per deg 

- difference  between  side  force at 5'; sideslip and. Oo sideslip  divided 
P by 5 O ,  Per de63 

M free-stream Mach nmber 

q free-stream  dynamic  pressure, ~b/sq ft 

_z V- 
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f S w i n g  axza formed by extending the  leadbg aSa trailfng edges t o  the 
plane of symmetry, sq ft 

Y a angle of attack of n b g  root chord, deg 

P sideslip angle measured  between relative wind.  and v e r t i c d  plane of 
symmetry, k g  

8 angle of deflection of  the canard with  respect t o  the extended wing 
chord. plane, positive *en trailing edge is  down, deg 

Configurations are denoted by the following l e t t e r s  used in combina- 
tion : 

. 
” 

AFTARATUS AmD MDDEL 

Test Facili ty 

The experimental  data were  obtEtfned in the Ames 6- by &foot super- 
sonic w’ind tunnel w h i c h  is a closed-circuit  vmiable-pressure  type ~ t h  
a lhch nuuiber range continuous from 0.70 t o  2.22. A recent  modification 
involved perforating the test-section f loor  and ceiling and adding a 
boundary-layer remval system t o  enable d f o m  flow to  be naainta3ned at 
transonic and Low supersonic  speeds. A t  the same time injector flags 
were installed downstream of the t e s t  section t o  extend the upper Mach 
nmber Umit by reducing the  required compression rat io  across  the nozzle 
and by better matching the weight flow characteristics of the nozzle  with 
those of the compressor. 

Analysis of the results of an extensive  survey of the modified w3nd- 
tunnel  characteristics, although Incomplete, i s  sufficiently complete to 
establish  the  validity of the results of the  present  investigation. 

Description of Model and Balance 

The sting-mounted model ( f ig .  l (a ) )  consfsted of ag aspect ra t io  2.0 
triangular w i n g ,  an aspect r a t i o  2.0 movable triangular canard, asd a low 

m 



4 -r NACA RM A57LU 

aspect ratio  vertical  tail all mounted oli a fineness ratio 12.5 Sears- 
H a c k  body. A dimensional sketch of the model i s  shorn in figure l(b). 
The  wing and vertical  tail had R N A  0003-63 sections streamwise and the 
constant  thickness  cesard,  detailed i n  figure ~ ( c ) ,  had beveled leading 
and trailing edges. The canard, which was pivoted  aMut  the 0.35 canard 
mean aerodynamic  chord, was mounted Fn the extended wing chord plane 
1.21 w b g  mean aerodynmic chords ahead of the  reference  center of ~ m ~ e n t s  
(0.21E). The r a t i o  of the area of  the exposed canard panels to  the t o t a l  
area of the wing was 6.9 percent and the r a t i o  of the  total  mea8 w a s  
12.9 percent. The trLng, canard, and vertical  t a i l  were of solid  steel 
construction t o  minimize aeroelaetic  effects. The surfaces were polished 
to  give a m o t h  surface and further  treated. t o  prevent corrosion. 

The fuselage was cut o f f  as shown Fn figure l(b) e0 a c c e t e  the 
sting and the six-component strain-gage 'traLance  which  measured forces 
and moments on the entire configuration. The canard, m g ,  and vertical  
ta i l  were  removable, enabling  data t o  be taken which would permit an eval- 
uation of the  contribution of each of the component p a r t s  of the model 
asd the  Fnterference between p a r t s .  

Range of Test Varfables 

For  convenience, table I i s  presented showing the complete range of 
variables fo r  each of the  configurations  tested. Data were taken a t  Mach 
numbers of 0.70, 0.90, 1.00, 1.10, 1.30, 1.70, and 2.22 both  through an 
angle-of-attack range with sideslip angle  constant and through ag angle- 
of-sideslip range with angle of attack wpgtan-b. The t e s t  Reynolds number 
based on the w i n g  mean  aerodynaanfc chord was 1.84 million at Mach  numbers 
of 1.00 and 1.10 and 3.68 m i l ~ o n  at bther Mach numbers. The d e r  
Reynolds  nwnber a t  transonic speed8 was necessary because of model 
structural  limitations. 

A t  the  relatively low Reynolds nrrmbers at which most wind tunnels 
operate,  extensive  regions of laminar flow can exist on models a t  zero 
lift. A t  lif'ting conditions the  transition  points on the wing,  canard, 
and vertical  tail usually m e  forward, thus causing a change i n  friction 
drag with changing lift coefficient ai& i s  difficult t o  evaluate and, 
moreover, not necessarily  representative of f u l l  scale. In order t o  
induce transition at fixed  locations on the component parts, a 0.010-inch- 
diameter wire was placed on the wing and 0.005-inch-diameter wires were 
affixed t o  the canard and vertical  tai l  Fn the  locations shown Fn fig- 
ure l (b) .  When the model was tested. with the canard off, a 0.010-inch- 
diameter x i r e  was located on the body 4 inches fromthe nose. The wire 
sizes were selected on the basis of the  results of reference 5. Although 
there i s  no conclusive  evidence as to the magnitude of the form 
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drag-coefficient increment contributed by the  tramition wires, previous 
studies have indicated this Fncrement t o  be not more than 0.0010. All 
of the data presented  herein  are  with  transition fixed. 

Reduction of D a t a  

The data  presented h e r e b  have been reduced t o  stan&d NACA coeffi- 
cient form. The rolling-moment, side-force, yawing-lmnnent, Etna pitching- 
moment coefficients were  cwrputed about the boay axes and the lift and 
drag coefficients were referred t o  the w i n d  axes. The yaxhg-moment and 
pitching-moment coefficients were referred t o  the 0.21pofnt of the w i n g  
mean aeroaynamic chord. This location was chosen so that the minimmu 
Longitudinal s t a t i c  margin in the range of trim lift coefficients between 0 
and 0.6 throughout the Mach number range Fnvestigated was 0.03. Factors 
which affect  the accuracy of  the results are discussed in the foUWLng 
magrams. 

Stream variations.- Surveys of the stream chsractefistics of the 
Ames 6- Iry 6-foot supersonic wind tunnel showed that, in the region of 
the  test  section,  essentially no stream curvature existed along the tun- 
nel  center m e  in the  vertical plase (pi tch plane of the model) and that 
the a x i a l  static-pressure  variations w e r e  usually less than S p e r c e n t  of 
the aynamic pressure. This static-pressure  variation  resulted fn n e u -  
gible  1mgitllA-nn.l-buoyancy corrections to the drag of this model. On 
the  basis of these findings no corrections f o r  stream curvature or  static- 
pressure  variation were made in the  present  investigation. 

The results of these surveys also showed that a stream angle existed 
d o n g  the  tunnel  center  line in the  vertical plane. Similar results show- 
ing a stream angle of less  than kO.3' throughout the Mach number range 
were obtained from tes t s  of the model muntea in a horizontal  position on 
the  tunnel  center U e  (f3 = 0 0 )  and pitched in the  vertical plane. No 
data were available either f rom stream surveys or model t e s t s   t o  deteHaFne 
the  laterd.  deviations of the stream; however, i n  view of the small- dwla- 
tions from a uniform stream measured in the  vertical plane,  they also are 
believed t o  be smdl. Therefore, the data at Oo sideslip w h i c h  were 
obtained wtth the model mmted in the  horizontal  position were corrected 
only f o r  the stream angles tn the  pitch plane.  Since the data of p r b a r y  
interest at  these  conditfons, and particularly  the drag, are  sensitive t o  
stream  angle dhan@;es In the pi tch plane, it w&6 considered necessary t o  
m&e these  corrections. On the other hand, the lift, drag, and p i t a g -  
moment characteristics do not v81y appreciably  with m a U  sideslip angles 
so  that these coefficients would be only slfghtly affected if' sme l l  
sideslip  angles  did &st, 

The data at  a cons ta t  sideslip angle of 5' were obtained by munting 
the model i n  a horizontal position on a sting bent off the tunnel center 
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U e  and aqab pitching in the  vertical  plane. 
sideslip  angles  where  angle of attack  was  held 
mounting  the  model in a w i n g  vertical  position 
respectively.  With  the  model  mounted in these 

The  testing  at  vaxfable 
constant was achieved  by 
on 00 and 100 bent stings, 
attitudes  to  obtain 

lateral-directional  data,  results  were  not  available w h i c h  would permit 
stream  angle  corrections  in  either  the  pitch  or  yaw  planes  to be applied 
to  these  data.  Eowever,  the  lateral-directional  characteristics,  which 
are of primary  lnterest  at  these  test  conditions,  would  not be appreciably 
affected by the  existence  of small stream  angles in either  the  pitch  or 
;yaw  planes. 

Strpport interference.- The effects of model support interference on 
the  aerodynamic  characteristics  were  considered  to  consist  primarily of 
a change in the  pressure at the  base of the  model.  The  drag  data  pre- 
sented  herein  contain no base drag component  since  the  base  pressure  was 
measured end the  drag  was  adjusted  to  correspond  to  that in w h i c h  the  base 
pressure is e q W  to  the  free-stream  static  pressure;  therefore, no 
corrections  were  made  to  take  into  account  support  interference. 

Tunnel-wall  interference.-  The  effectiveness  of  the  perforations  in 
the  wind-tunnel  teat  section in preventing  choking and absorbing  reflected 
disturbances at transonic and low supersonic  speeds has been established 
experimentally.  Unpublished  data f r o m  the  KFnd-tunnel  calibration  indi- 
cate  that  reliable  data  can  be  obtained  throughout  the Mach number  range 
if  certain  restrictions  are  imposed on the  model size and  attitude.  The 
configuration and methods of testing used.in the  present  Investigation 
conform  to  these  restrictions so that  the data at transonic and low super- 
sonic  speeds  are reasonably free of interference  effects. Thus, no 
corrections f o r  wall Fnterference  have  been made. 

The  results  are  presented in this  report  without analysis in order 
to expedite  publication. All of  the  experimental  results  are  tabulated 
in  tables I1 through V. An index  for  these  tabulated.  results  is  pre- 
sented  in  table I. Certain of the  data are plotted in figures 2 
through 8 both  at  constant  angles  of  sideslip  and  constant  angles of 
attack. 

The  effect of configuration changes on the  rolling-moment,  side-force, 
and yawhg-moment  coefficients  is shown in figure 2 at  constant  sideslip 
angles  and in figures 3 and 4 at  congtant  angles  of  attack.  The  effect 
of canard  deflections an the  lateral-directional  characteristics is 
shown in figure 5 at constant  sideslip  angles and in figures 6.wd 7 at 
constant  angles  of  attack. A comparison of the  lateral-directional  data 
taken at constant  sideslip  angles asd at  constant  angles of attack shows 
reasonably good agreegent  with a few-exceptions. These exceptions  can, 
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i n  general, be broken into several group;  one wherein separated flow 
miat exist on the model and, therefore,  the  results could cr i t ical ly  
depend on the manner fn w h i c h  the  attitude of the model warj approached 
(e.g., see the mlLn-mament results of figures 2(a) and 2(b) at 
a = l O . 5 O ) .  Second, in certain model attitudes off the tmnel center 
m e ,  for exsmpk B 5: 50, reflect& waves from the tunnel side w a l l s  
could strike the vertical  tail at Mach nmbers of 1.3 and below and 
cause d.iscrepancies between the two sets of data. (See the results of 
figure 5 w  -1 

As noted previously  the mmer in w h i c h  the two  sets of data were 
taken  positioned  the model in different  parts of the wind tunnel. Same 
of the 6rdU differences in the data might be attributable t o  the  differ- 
ences in the type of f l o w  that exists in the va,rious parts of  the  tunnel, 
No corrections were applied t o  the data off  the  tunnel  center lFne t o  
take into account stream irregularities. 

The basic  stability parameters, b~ z/e, a / p ,  and are summa- 
rized In figure 8 as a function of Mach number at several  angles of attack. 
These results were obtabed from the  results taken at constest sideslip 
angles in oMer to ob tab  values for an. angle of attack of Bo. 
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TABLE 1.- M G E  OF TEST VARIABLES FCR CONFIGURATIONS TESTED 

C o n f i " k i 0 n  

EWWC 
Bvw 
Bvc! 

BV 
mc! 
Bvw 
BWC 

BW 
BVC 

BC 
Bv 
B 
B W C  
Bvw 
BWC 
Bw 

BVC 
Bc 
BV 

BVWC 
BVW 
BWC 

BW 
BVC 
Bc 
BV 

-6 to +It 

-6 t o  +U 

-8 to +I( 
0 

10.5 

10.2 

0, 9-79  19-5 

0, 9.5, 19-7 5 

0, 9.7, 1-9.7 

0,  9.7, 19.7 
0, 10.0719.7 1 

0,  9-7,  1-9.7 
0,  9.7, 1-9.7 

Cabulated data, 
table no. 
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TIIABL;E 11.- m O D Y N A K t C  CHARACTERISTICS OF CONFIGURATIOlyS AT Oo SIDESLIP 
(a) BVWC 

I: 
0 5.8 
0 7.7 
0 9.9 

I 1.0 

17.0 
I sa 

1 6 L  
181 

. . 0 0 - 0 5 9  - osa - o la 
o o a  
o a a  
0 6 1  

r a a  
14a 

- 00.3 

0 0.7 

04.3 

10s 
0 8 8  

1 6 3  
1 8 5  

. A  0 - 0 6.0 - 04.0 

0 0 3  
- 0 0 5  

0 0 5  

0 4 1  

08.0 
10.0 

14d 
1 6 2  
1 8 1  

- o an  

o a 1  
0 6 1  

I a s  

5 0 - 0 6 f  
-04n  - oaD 

o 2.0 

- 0 0.4 
0 01 

04D 
06.0 
0 7 9  
10.0 

1 4 f  
16.0 
181  

I an 

- 
-0.314 
-0J.99 
-0101 
-0.039 

0 . 0 0 8  

0 1 6 6  
0 9 7  9 
0.38 3 
0501 
0.616 
0 3 3 4  

OS7 6 
0 . 0 6 3  

-0.33i 

-OD99 
.on35 
-0.010 

o a l a  
OD8 4 
0 3 9 8  
0.313 
0 . 4 3 1  
0 5 6 5  
0.691 

0 9 4  7 
1.060 

- 0 3 5  9 

- 0 1 1 5  - 0.0 34  
- 0 . 0 0 6  

O D 9  9 

-on13 

o n 7 4  

- o a o  6 

0.018 

- 0 8 3 %  

o o a o  
o a a o  
0.34 a 
0 5 7 7  
0.464 

OA94 

O S 1 7  
1.017 

o a o e  

- 0 3 4  a 
- 0 3 0 9  
- o a a o  
- 0 . 0 3 5  
-0.010 

0.094 
0.013 

o a o 4  
o s a  I 
0 5 s  a 0.44  3 

0.6s 0 

004  8 
0 1 4 7  

094  4 

- 0 8 9  a 

- 0.088 
- o n o x  

0 1 8  a 

0 ~ 7 a  

0.7 5 a 

-OLE9 
-0 .091  

0 . 0 8 1  

0 9 7 7  
O S 7  4 

0 5 6  9 
0 6 6  I 

084  3 

- 0 9 4  1 - 016 9 
- o n e  8 

- on10 
0.063 

- 0 ~ a 3  

on0 9 

034  a 
0 1 9 3  
o a l s  
0.310 
0.445 

0 5 8 5  
051 3 

0 6 5  I 

.OS7 6 
a18 5 
a111 
D O 7 6  
DO53 

- 0 0  3 0  

- a 1 8 5  

D O B ~  

- 0 l o a  
- 0 8 4 8  
- n s l o  
- D J ~ O  

- n 4 6 1  
- 0 4 1 7  

-13482 

a 4  a a  
. 0 a 6 9  
n140 
a088 

1 BO81 D O 5 8  

-DO58 
- D l 8 4  

- a 4 7  3 

- 0 8 5 4  
- 9 6 6 6  

- . l o s s  
-18§7 

- o s s a  

l - 1 3 8 0  

n S Y 7  11696 
10314 a 4 6 9  
s a 1 0  n a s o  
9 1 7 0  nlos 
a166 a 0 5 5  
a160 10000 
a l e e  - D l 4 9  
O S 0 5  -a388 
O S 0 9  - a 6 1 5  

L l S l  - a 9 8 7  
1 6 1 6  - 1 1 5 3  

0 7 9 3  - .oaao  

2 x 5 0   - 1 a 9 e  
9 7 6 5  - 1 4 1 1  
S 4 3 8   - 1 5 3 5  

D I l 8  a718 
0 3 1 7  a 4 9 5  

1oa7a 
01-19 n l a e  
10177 o o a 7  
a a o 4  - D I S J  
a a g s  - 0 3 6 1  
0 4 7 9  - .os07 
LO89 -.os30 
~ 7 4 5  - n e a g  

a s l a  - a n 4 0  
3 9 b 3  - L L 3 4  

5 1 9 3  - a 4 7 4  
9 5 6 6  - 3 3 5 4  

10179  DO80 

0448  0598  
n a 7 7  ,0354 
a 1 8 4  0 1 7 8  

0 1 5 4  n o 0 8  
n a 6 1  - a 3 4 0  

a b s a  - a 6 5 9  
n 9 3 4  - D S O ~  

a 7 8 9  -a070 
a a l g  - a a o a  
8 8 0 3  - 3 3 0 6  

D l 5 8  a 0 4 9  

a 1 7 7  - D l 5 9  

D410  - D 5 0 9  

1 3 0 3  - . 0 9 4 0  

- 
a003 
D O 0 5  

. n o 0 3  
0 0 0 6  

a o o a  
o o o a  
DO03 
DO04 
DO03 
DO04 

n o 0 4  
DO04 

0 0 0 4  
DO04 
9 0 0 6  

a 0 0 4  
a 0 0 5  
a 0 0 7  
a005 

D O 0 2  
a005 
D O 0 3  
0 0 0 3  
0 0 0 3  
D O 0 3  
11004 

DO06 
D O 0 5  

n o o a  

a o o a  

a o o a  
a005 n o o x  
a000 
a o o a  
n o 0 1  
DO00 n o o o  
a001 
DO01 

0 0 0 2  a o o a  
nooa  o o o a  
BO04 

DO06 
DO06 
n o 0 5  
. 0 O O O  
a o o a  
a000 
a001 
DO00 
no01 
D O O O  
D O O O  

Dooa  
o o o a  
a o o a  n o 0 5  
no03 
no04  
n o 0 4  

o o o a  

D o a s  

n o 0 4  
a o o a  

n o o a  

0 0 0 3  
D O 0 5  

a003 
a 0 0 4  

0 0 0 3  

DO00 

a001 
a 0 0 1  

D O 0 1  
D O 0 0  
a000 
DO00 
DO00 

. 0 o o o  
no01 
a000 
DO00 
0 0 6 1  
a001 
DO01 

a o o a  

- 

O D 0 3  
ODOa 
o n o a  
0 . 0 0 1  

0.001 

0.001 
0.001 

0.0 01 
0.0 01 on01 
OD01 
0 .000  
0.0 0 1  
on00 
0.000 

0.004 
on0 3 
o s o a  
o a o a  
0.008 o n o a  
0 0  oa  onoo 

OD01 

0.00 3 
O D 0 3  
O B U O  

o a u 1  
o.ou0 
o n o o  

D O  0 5  
100 09  

, 0 0 1 3  
,a015 

11014 
A 0  1 4  

9 0  09 
a0 07  
a0 07  

no l a  

.oo n 4 
n o n s  ao n s  .no n o  
a0 0 1  

.DO 0 0  
a0 132 

0.001 D O  04  
0 .000  DO02 
OD00 a000 

0.001 - n o o r  
0001  - .OOOI 

O D O ~  n o 0 0  
onoo n o o o  
0.001 n o 0 1  
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- 8 6 4 9  

0 8 4 3  
a 8 6 7  
n o o o  

-oaa  3 
- . o s 4 7  
- a 3 8  8 
- 1 8 7 9  
- a 3 8 6  

a a a  4 
DO15 

- 9 1 9 9  
-0619 
- 1 0 0 6  
- 1 3 5 a  
- 1 6 4 5  

0 4 4 8  

- D O 3 1  
0 1 3 7  

- D l 8  0 
- . a 4 8 5  
-9  4 5  
- a 2 7 6  
-1179 

cz 
- 0 0 1 0  

- 0 0 6 4  
-0 o 44  

- 0 0 8 3  
- D I Z ~  
- 0 1 4 3  
-Dl16 
- D l 1 3  

- a o o s  
-DO45 

- D O 8 8  

- D l 6 5  
-Dl70 
- B O  46 

-0030 
-DO69 

-n 06 9 

-01a6 

-0 I 0 0  -n11a  
- D l 8 9  
-n199 

- D l 5 5  

-Df9B 

-13022 

-01 0 0  
-1) 1 2 8  

- D l 8 5  

- D l 8 0  

- n o 7 5  

-n 1 s  7 

-alas 

-n 06 3 -no75 
- 0 0 9 5  
- n o 9 5  

- 0 0 8 5  

- a 0 7 7  
- D O 8 9  

- n o 5 0  
- n o 4 4  

- n o s 8  
- n o s 4  

- n o 7 0  
-0 0 6  3 

- D  0 7  3 
-DO72  

cr 
- O D 6 3  
- ODs 8 
- OD59 

- O D 6 8  - O a 5 7  - O D 5 8  

- OD6 8 - O D 6 6  
- 0.060 

- o n 6 4  

- o n 6 3  

- on60 - on60 - 0.061 - 0.068 - 0 0 7 8  

- OD70 - 0.077 

- 0.069 - o n 6 7  - on70 - O D 7  4 - 0.07 6 - 0 9 6 5  

- 0.076 - 0.068 - 0.068 - OD67 

- O D 7 1  - 0.067 

- o n 6 9  - o n 5 9  

- on065 - O D 5 9  - OD56 - OD5 5 

- 0.061 - OD49 - 0 .042  - O D 5  0 - OD48 - OD47 - O D 4 6  - OD44 - OD4 3 - 0 .057  

- OD47 - O D 4  0 - O D 3  8 - OD3 8 - OD3 E - O D 3 8  - O D 3 8  

- O D S ~  

- on36 
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TABLE 111.- A E R O D Y N M C  CHARAC?I'EBISTICS OF COmFIGURATIONS AT 
50 SIDESLIP - Continued 

( c )  BWC 

- 
- 0 0 1 3  - 0.011 
- 0 . 0 0 9  - OD09 - O D 0 8  

- 0 . 0 0 4  
- on01 
- on 0 4  

- o a a !  
-01111 

0117 c 
o a 7  4 

- OD7! 

0 5 0  t 
0.74C 
O S  5f 

- 0.312 - O D 7 t  -onoa 
0 0 8 5  

o a a 6  
1 0 1 9  

- o J a  a 
o n 1  6 

0.313 
0 6 7  1 

. OD7 9 

OA16 
0.361 
O d O O  

1 0 0 1  
o a a a  

. o > a 3  . 0 0 8 4  
0001 

0.319 
0 0 9 9  

0 5 6 9  
0.7  6 0 
O S S 7  

. O S 7 7  . OD73 
OD0 5 

E i 
0 6 7 0  
0 8 4 1  

. o a 3 a  

0 0 6  8 
0 8 8 4  

o s a 3  

, O D b 8  
, 0 0 0 4  

0.379 

0651 

0 2 7  6 

0.011 
0117 3 
Od97 
0.31 8 

OS34 

I 0 0 4 1  

oA3a - 

- D O 4 3  

- 0 0 1 9  
- D 0 6 S  
- 0 0 5 8  - 0 0  5 9  
- 0 0 4 1  
-DO 1& 
- D O 5 9  
- 1 ) O d S  
-DO70  
-DO14 
- 0 0 7 6  - DO 6 9  
- 0 0 4 8  
- D 0 3 S  

- 0 0 6 2  
- 0 0 6 6  
- 0 0 7 P  
- 0 0 7 4  

- D O 6 1  
-DO48 

-no 5 6  

- 0 0 7 7  

- n o 4 0  

-11051 -no60  
- 0 0 6 4  
- D O  6 5  
- D O 6 6  
- 0 0 5 7  
- 0 0 4 a  
-a0 4 I 

D O 5 6  
DO06 

-11045 
-DO91 

- 0 1 S 9  
- D l 2 8  

- 0 o a 1  

- 0 1 8 7  

D o s a  

- n o 3 1  
- 0 0 8  5 

DO01 

- 0 0 5 8  

- 0 0 9 8  
-0101 
-DO89 

-DO11 
0 0 1 6  

-DO85 
- 0 0 3 4  
-DO61 
-11076 

- 0 0 8 s  
- n o 8 1  - 

- o o l a  - OD10 - OD10 - OD10 

- 0 . 0 0 4  - O D 0 7  - OD05 

- 0 0 0 9  

- 0 0 0 6  
- 0 0 0 6  

- O D 0  6 
- 0 . 0 0 6  
- 0 8 0 6  

- 001 3 
-0.010 

-o .ola 

-DO59 
-11096 3 

- 0 0 6 1  
- 0 0 6 5  

-11054 
- 9 0 5 5  

-DO47 

- 9 0 6 1  

- 0 1 1 8  
-0.067 

on07 
o a a  I 

0 8 4  a 

OD8 a 
0.48 1 
0 6 7  3 

0 1.7 

1 4 0  
1 7 8  

- 0111  4 -001s 
- OD1 s - 0111 1 
- 0 . 0 1 1  - OD15 

- o m  a 

- 0 0 1 4  

0611 n o 9 3  
Dl71 0 0 2 3  

- 0 1 5 2  -DO43 
- 0 6 0 7  -DO99 

Boa0   -11012  

. n 9 6 7  - D I J P  
- 3 8 5 6  -n157 
- 3 4 8 5   - D L 6 6  

- 0 6 0  - 0 8 2 3  - o a a  - 0 9 9 9  
o o a  - o n 0 8  
o a z  01169 
06s o a a s  

1 7 8   0 6 4 4  

L O P  0 .376  
1 4 1  0301 

0 6 7 0  
11199 
8 0 6 1  

- . O i l 6  
-.os10 

- 5 0 9 3  
-a 9 a a  
- 3 4 8 0  

- 0 0 1 5  

- 0 0 1 s  
-0 .013 

- 0 . 0 1 4  
- 0 0 1 s  - 0 0 1 7  - o n s o  - 0111 P 

.0030 - 0 . 0 0 6  
9 1 0 1  - 0 9 0 8  

- 0 0 0 7  - O D 0 6  

- 0 0 8  B -0.1107 
- 0 0 3 5  -0007  

- 0 1 4 a  -0.011 
- 8 1 4 1  -0 .013  
- D l 5 0  - O D 1 3  

-0 O S  3 
-11051 
-0OJ7  
- 0 0 3 3  
- 0 0 8 9  

- 0 8 0 8  
- 0 0 0 8  
-0.007 
- O D 0 8  

-8335 - OD1 5 
- O D 1 6  

- D O 5 7  

-DO61 
- 0 0 6 1  

3 8 2 %  
-1) 0 5  3 
- 0 0 5 5  

-DO59 
- 9 0 6 3  
- 0 0 6 5  

- 8 0 6 5  
- 0 0 6 4  

- 0 0 5 9  
-0 0 6  3 

- D O 5 1  

- D O 5  4 

- D O 5 8  
-DO56 

-11 0 5  1 
- 8 0 5 3  

x?mi . OD61 
OD17 
0 1 1 0  
0.34 d 
0 5 8 3  

0991 

-0 .307  

o a t 1  

-8%Eig 
0 ~ 9 a  
0.30 9 
0 5  5 0  
0.7 8 8 
OS18 

.oa .59  

ono 8 
. O D 6 6  

OD78 
0 2 8 0  
0.48 7 
0 6 7  4 
o s 3  8 

. O S 0 7  
' OD55 

0 0 6 6  
os50 
on0 a 

o s a a  
0 5 8 4  
0 6 4 7  

. O A S O  

. o n 8 6  ona 1 
0.077 oao (I 
0 . 3 ~ 4  
0.433 
0.53s 

001 

0 6 0  
1 0 0  

I- - 0 0 1 1  
-0.010 
- 0 0 0 9  
-01110 

- O D l d  

-0018 

-wla  
- o p a o  

- 0 0 1 3  - 0 0 6 1  

: m b  3 8 T 4  
- O D 0 6  -DO77 - OD0 9 - D O  6 4 

OD01 -DO59 
OD01  -11034 
O D 0 3  -DO10 I_ 

I 7 9  

- 0.01 3 - 0.0 l l  
- 0 0 1 1  

- 0 0 1 4  -on18 

- o . o ~ a  - D O T O  

- 0 0 0 9  - 0 0 9 1  
- 0 0 0 7  -0097  
- o n 0 8  - 0 0 7 e  

o n o s  -a076 
-0110s -11038 
enol - 0 o a t  

-0011 - 0 0 8 1  

- o n 1 4  -11069 
-0.013 - 0 0 8 4  
- 0 ~ 1 a  -11090 
-o.oza - n o 1 9  
-01111 - 0 0 7 4  
- 0 8 0 7  - D O 6 a  
- 0 0 0 8  - 0 0 3 8  
- 0 . 0 0 1  - D O 3 3  

Sd- 0 6 0  - O D 1 7  -11065 

- 0 0 1 4  - d o 7 6  
-OD14 - 0 0 7 4  

-0 .014  - 0 0 7 3  
- 0 0 1 3  - 0 0 6 8  
-0.014 - 0 0 6 1  
- 0 0 1 7  - 0 0 4 8  
- 0 A 1 6  - 0 0 4 6  

D - 0 6 . l  

1 0.0 

1 7 8  



0 9 0  
- o l d  

- a 3 0 5  -06n 

0.548 09s 
o a 8 7  06s 
m e a  oan - 0 0 0 3  0 0 1  

- o n 8 1  

1 4 D  
0 9 3 7  178 
0386 

ILO 

001 
-0n7a - o ~ b  
- o J l a  - 0 6 5  

o n 0 7  
0 6 9  o s a 7  
o a 1  0 1 0 9  

0 9 9  
14.0 

0 5 6 1  

0 9 1 4  179 
0 3 5 1  

130 - o a 7 4  -061) 

o n 0 1  o o z  
-on?a  -013 

e a 8 5  osn 
e n a s  oan 

14n 0 6 5 4  
1 0 D  

e 3 0 6  173 

0.479 

1.70 

-oon  - o n 6 6  -018 
- 0 a a 6  - 0 6 3  

-on05 
o m  o n 7 0  06n o a a e  

1-19 o s a 3  
1 0 1  

0 .502  1 4 1  
0 5 6 9  

I -a0 19 
I -0093 I - o i i o   I - 6 o S s  

-5009  - 0 5 0 6  -6060 -no39 - 0 ~ 0 8  - n o s o  - n i o e  - 0 0 1 1  - n o s 5  
- 0 1 4 3  - a n a l  - n o 5 0  
-a148 - 0 ~ 1 6  - n o 4 8  
-no14 - o o a a  -no78 

0 4 5 7  

- n o 5 0  - o n 1 0  -no76 -a971 9 5 x 2  
- n o s o  - o n 0 7  - 0 0 3 9  - 0 a 6 a   n 1 a 1  
-.oosa - O L I O S  - n o l o  - n o 0 1  a157 
- n o s o  - o n 0 5  no19 n a z g  0 1 8 9  
- n o 4 7  - o n 0 8  0 0 7 1  091s 

a113 -a231 -a109 -on20 - D O C S  
3 1 4 4  -a719 - n o 4 6  - o ~ a a  - n 1 0 9  
1 1 4 8  - 0 0 4 5  - 0 . 0 1 4  - D l 0 4  - A 6 0 3  

0 3 5 4  n i s s  
n159 
n 7 5 3  

0 1 3 7  

D 3 4 9  

1 3 3 3  
S O 5 9  

D 6 4 2  
D L 8  5 
n o s 3  

-0177 
-D608 
- 1 0 1 6  
- 1 3 6 1  
- 1 6 4 8  

- o n 1 0  

-a040 - o n 1 4  - 0 0 4 7  -on10 
- n o s 1  - 0 ~ 0 8  
- n o s 2  - o n 0 7  
- n o s a  - o n 0 7  - n o 4 1  

- n o 4 1   - o n a a  
-a035 - o o a o  

- O D 1 1  - O D 0 8  

-0.011 
-0.009 
- o n 0 8  

- on16 
-on21 - o n 8 4  

0 0 3 6  

- 0 0 0 4  

- o n 1 3  - o n 1 0  D O I S  - o n l o  
- n o a x  - a s 1 1  -no39  -on14 - n o 4 7  -on16 
-no48 

- a n a 8  - n o 4 8  - a n a 3  

- on 15 
- o n 1 1  - o n l a  - o n l s  - o n 8 1  

- 0.01 e 

- ODa7 
- n n s s  

-no 5 6  
-n059 

-n057 
- n o s e  
-n054 
-no 5 7  -no 69  

- 0 0 5 9  

-no 5 9  
-n063 

-n061 

-n062 
-no 6 9  
- 9 0 8 2  

-d063 

-d060 

1 - n o  s6 
- n o  5 7  

- D O  5 1  
-no 5 7  

-n055 
-post 
- 9 0 7 ~  -no 6 9  
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TABIE nI.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATLOWS AT 
3O SIDESLIP - Canthued 

(e) BVC 

0 0.3 
0 0.3 

0 4 1  

0 8 0  
06.0 

I on 
1 a a  
1 4 0  
1 6 0  

100-060 - 0 4 0  - o a 0  
0 0 1  

- 00.5 

0 0.5 

0 6 1  
0 4 0  

0 8 0  
101. 

o a 1  

1 4 0  
I aa 
1 6 0  
1 8 0  

1 1 0 - 0 6 0  - 0 4 0  - 019 - 0 0 3  
0 oa 
0 0 5  

0 4 0  
0 6 3  

o a a  

o s a  
I on 
1 a a  
15s 

I 8 0  
16.0 

~ 3 o - 0 6 0  

- o a a  

o a a  

0.30 

I an  

- 0 3 . 9  

- 0 os 
0 0 2  

0 4 0  
0 6 1  

I 0 1  

13s 
1 5 9  
1 7 9  

1.70 0 6 D  

0 6 1  

105 

180 

8 - 0 0  

-a08 3 - 0 0 6 0  

- . 0 0 8 4  - 0 0 5 3  
- 0 0 8  5 - 0 0 5 4  
- 0 0 8  4 - OD54 
- 0 0 8  5 - 0.015 
- 0 0 8 5  - 0 0 6 5  

- n o e l  -0.04: 
- n o a s  -0.05 

- 0 0 7 3  - 0 0 5 7  
-10037 - m a 7  
-a030 -0013 n o o s  - 0 0 0 0  

0 0 1 7  0 0 0 5  

- 0 0 8 8  - 0 0 5 1  

- 0 3 7 7  

-0109 
- 0 a 4 4  

- a o a o  

- 0 0 7 0  
- 0 0 7 1  

- n o 7 3  
- 0 0 7 3  
- 0 0 7 4  
- 0 0 7 3  
-a071 
- D O 6 4  
- 0 0 6 6  

- 9 0 4 0  

- 0 0 1 1  

- 0.04 6 - 0 0 4  7 - 0 0 4 8  - on4 9 - o n 4  9 

- 0 0 4  5 

- OD4 9 - OD4 8 

- Q A 3  9 - 0 0 3 0  

- OD15 

- 0 5 1 1  
- 0 1 9 3  

n 4 9 4  

0681 
0 7 6 0  

.09 5 3 

- D O 5 3  
- D O 5 4  

- 0 0 5 4  
- n o 5 4  

- 0 0 5 1  
- 0 0 5 4  
-0010 
- 0 0 4 3  
- D O 3 5  
- D O S O  

- 9.10 

n a l o  
- 
0 0 7 6  

0 3 5 9  

D E 4 0  
D 5   1 9  

A 1 9 5  
A 4 7 1  
3 6 6 1  

0 0 7 3  

os77 
0 6 4 5  
0 8 6 8  

5 4 7 9  
I d 5 8  

n a a g  

a a o a  

no66 
n a 4 a  

11548 
n s g i  

0 8 6 0  

1 5 4 9  
3 8 1 s  
a n a l  
0 0 6  5 
0 1 3 5  
0 3 7 7  

1 1 5 5  
0 8  1 9  

A 4 4 6  

as s a  

1 7 1 0  

oo7a 
a 8 0 7  
D 3 5  I 
0 4 8  1 
0 7 4 9  
a 0 4 6  

3 6 6 1  
a s a s  

9 0 5 6  

0 5 1 4  
0 4 3 8  

asla5 
1 8 9 9  

DPOO 

0 6 6 3  
0 9  0 4  

D O 1 6  
D l 9 9  
D 3 O l  

0 5 9 4  
0 7 1  6 

A 1 3 5  

0 4 0 3  

0 9 5 a  

-a003 o n 1 9  I 
- 0 0 9 3  - 0 0 5 8  
- D O 9 7  - 0 0 6 4  
- D O 9 7  - 0 . 0 6 4  
- D l 0 0  - 0 1 6 6  
-0101 - 0 . 0 6 1  

-a050 - o n 0 4  
-no84 - o n 3 8  

- 0 0 0 4  - o J l a  

- D O S E  - 0 0 4 a  

- 0 0 5 9  - o n 4 4  
-nos7  - onsa  
- n o 4 8  - o n 8 4  
- 0 0 3 4  - o n t o  
- ~ o a a  - O D I ~  

- 0 0 5 0  - 0 0 1 4  
- 0 0  1 9  - 0 0 4  3 
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- 
-06-1 
- 0 1 9  

0 9 5  

0 6 5  
10-1 

18.0 

- 0 6 5  
-019 

o o a  
020 

1 0 0  

1 7 9  

-06-1 
- 0 1 s  
- 0 0 . 0  

0 6 0  

1 4 0  
18.0 

o a a  

1 4 n  

o 621 
1411 

o ao 
I o n  

- 0 6 0  
-02.0 
- 0 0 0  

0 2 0  

1 0 5  

18.0 

osn 
1 4 0  

- 0 6 0  
- 0 4 5  

00-1 
0 2.0 
0 6L 
1 0 9  

179 
140 - 

on15 0816 
0 0 4 4  D a d o  
OD54 o s 0 1  

o a l a  0 5 7 0  

OD66 0547  
0 0 9 4  0 4 5 ’ 7  

Oa30 0 7 0 1  
0 5 5 0  DE68 

0 8 0 5  - 0 0 8 0  - 0 . 0 5 5  9 1 6 5  
0 4 1 0  -0083 -0061 0 1 7 0  D s z a  - 0 0 8 4  - o n 6 1  0 1 7 1  

0 8 3 0  -no84 - 0 0 5 2  ~ 1 6 5  
~ 6 a - r  -.ooes - o n s o  017s 

~ a a l  -no52 -on08  9 0 4 2  
a043 -0067 -ona7 0079 

1409 -a037 on04  - 9 0 0 8  
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- 
i!S 
0 os 

0 0 6  
0 O d  

0 4 0  

0 8 0  
101 
1 e a  

o an 
o 6 n  

1 4 0  
160  
1 8 0  

o 6n 
o 4.0 
0 1s 
0 0.4 
0 0 5  
0 Od 
o ad 
o 4 n  
0 6 1  
0 8 5  
101 
I a 1  
14.0 
1 6 3  
2 8 0  

0 6.0 
o 4 n  
o a n  
0 os 
0 01 
0 O b  

0 4 d  
0 6 0  
08.0 
1 0 1  

o a n  

I a 1  
1 4 0  
16.0 
1 8 0  

0 ss 
0 4.i 
0 I S  
0 01 
0 01 
0 os 

0 6 5  
0 4 5  

0 8 0  

1 z.l 
16.0 

o a 1  

I on 
1 4 0  

I a n  
o 6.0 
0 4.0 
0 1.9 
0 0.4 

0 O b  
0 O d  

04.1 
oao  

oen  
06.0 

10.l 
I 1s 
1 3 s  
1 6 A  
18.0 

0 6 0  
0 4 0  
o a 3  
0 0.8 
0 0.l 
0 O b  
o a a  
0 4 n  
0 6.0 
08.0 

I a n  
10.0 

16L 
18.0 

14n 

- 

- 
Ifla,$ 
- o n 0 5  

o n o a  
o n a s  
o n 4  o 
o n 7  a 

0 1 4  a 
o a a  5 

- 0 . 0 8 6  
- 0 ~ 1 8  
- 0 . 0 0 1  

o n 0  I 

o a a s  

on76 

- 0 . 0 0 0  

0.01 0 

OD6 5 

0.087 
0 1 0 1  

- 0 9 4 8  

0.005 
O D 1 4  

0.04 4 
0 0 6 i  

0 . 0 9 4  
0 1 0 8  
0 1 3 0  
0 1 4  9 

-OD4 0 

-0.0%1 
-0.001 

o n 0 5  
on03  
0 .015  
0 . 0 5 1  
0 . 0 4  5 
0.06 0 
0 .075 

O L O  8 

0159 
- o n 4  3 
-OD89  

- O B 0 4  
- O D 0 5  

O . 0 l . l  

0 0 4  2 
0.05 6 
0.07 1 

o . l o 2  
O L i 7  
0 1 9 9  

- 0 a a 4  

0.09 a 
0 1 8  3 

- o n i s  

0 . 0 0 1  

o n 8 6  

on8 6 

:"o%*ag 
-0n1a 

o n 0  I 
o n l a  

- o n 0 5  

o n 0 3  
0.024 
O D 4  0 
0.05 4 

0.08 1 
01097 
0 1 1 5  
0150 

- 0 . 0 3 8  

-On14  
- 0 ~ 2 0 4  

0.001 
OD10 
0.015 

0 . 0 4  9 
OD6 5 
OD7 8 
a a  9 4  
0 1 1 5  
0 1  37  

o n 6 9  

- 0 a a 6  

- 0 . 0 0 8  

a n 3 6  

- 

:%a$ 
> n 1 a  
> n o s  
3.001 
D n O P  
on10 
on34 
0.04 8 
OD64 
0.088 
0101 

oDaa 

o a a r  

- 
0.018 
0 0 0  9 

0.053 
0.04 8 
0.080 oa11 
0 1 5 4  

0.00 7 

0.035 
o s a l  
on51 
0 . 0 8 4  
0 1 1 6  
0.l 57 
0 1 5 5  

0 0 0 6  
ooao 
0.034 
0.0 so 
0.07 1 
051 a 
u s e  
0160 

0.010 
0.001 7 
O D 3 0  

0.085 
0 . 0 4  5 

0108 
o a a 6  
0 1 4 7  

onos  
0 0 1 7  

o n 9 6  
o n 7  4 

oaa  s 

on1 m 
o a a s  
oar 3 

0.036 
on61 
0 .085  
0 1 1 1  
0 1 4  3 

8 2 3  

0 1 4 9  

o n 1  n 
0.022 
0.01 1 

OD35 
0 . 0 5 5  
O D 7  9 
0 1 1 0  
0 1 5 0  

-%88! 
-n001 
-n001 - n o o x  

- n o o a  
-n008 
- n o o a  
-n009 
- 0 0 0 8  
-n008 
-n005 

- 0 0 0 %  
-D001.  

- -n003 

- A 0 6 5  -019 
- S O 6 6  
- D O 6 6  
- 0 0 6 6  
- a 0 6 7  
- i o 0 6 9  

:$ tat  8 %  

- n o 6 8  
- 0 0 6 8  
- B O 6  
- 9 0 5 6  l a a  
- 9 0 4 9  - .00 5 
- 0 0 4 9  

- OD10 
- 0 . 0 0 9  
- OD10 
- OD10 - 0.010 
-0.010 
- 0 . 0 1 1  

- 0 . 0 1 4  
- 0.0 18 

- 0 . 0 1 8  

o o a a  - .009a  
n o 7 1  n o a 4  

8 0 8 0  o t s e  
0 0 9 s  0 1 6 0  

n s o o  .ossa 

n 4 4 e  n s s l  

0 0 7 8  - . 0 0 0 6  

0 0 7 6  0 0 4 5  

011s a 5 7 7  
0 1 5 0  x1484 

0 1 6 7  9 6 7 5  
0 3 5 6  11759 

a 5 7 1  9 9 5 5  

- o n o s  
- 0 0 0 5  
- 0 . 0 0 5  

-OD05 

- OD04 

- O D 0 3  

-0 .007 

- OD06 

- 0 0 0 4  

-0 .003 

- o n 0 4  

- o n o e  

- 0 0 6 6  
- 0 0 6 7  - n o  6 7  - a0 6 7  
-d067 - DO 6 7  - a0 6 4  
-d056 
-n044 

- D O  3 4  
-n057 

- 8 0 0 1  
-DO01 

- D O 0 3  
- n o 0 3  
- 0 0 0 4  
- n o 0 5  
- D O 0  5 
- D O 0 4  

aOol 
n o o o  
n001 
n002 

n o o o  

d004 
n002 

d001 
d001 
n o o o  
d001 

a005 
.n005 
d001 

n001 

n001 

n o 0  I 
n001 
oooa  
n o o a  

n o 0  I 
d001 

d001 

n001 
a000 
n o o o  
a o a i  
n o n a  
a o n g  
n o o  3 
a 0 0 3  

0 0 0 1  
n o o o  

a001 
1x113 
a o o a  
a o o a  
A 0 0 2  

a a o o  
.0001 
d001 

A 0 0 1  
DOOa 
a o o a  n o o a  

n o o a  
a o o a  
0 0 0 P  

n o o a  
a o o a  
D o n a  
noos  
a o o a  

a001 

059 
01s 
0 0 1  
015 
0 6 5  
0 9 9  
14.0 

06ll 
01s 
0 0 5  
0 1 5  
U 6 3  
l o a  
1 5 9  
18.0 

061) 
01s 
001 
o a a  
0611 
l 0 A  
14.0  
1 8 1  

05s 
019 
0 0 5  

0 6 P  
l o a  
18.0 

o s 9  
019 
0 0 2  

0 6 1  

o an 

14.0 

o a n  
t o n  
1 4 n  
1 8 3  

0 6 4  
019 
0 0 3  
019 

0 9 9  
153 
173 

0 5 9  

0 0 3  
o a t  
06.C 
1O.c 
1 4 1  

06n 

oza  

lei: 

- o a o a  
0.01 o 
0.001 

' 0 . 0 0 8  
- 0 . 0 0 9  
- 0 0 0 9  
-0 .007 
- 0 . 0 0 8  

o n 0  I 
0d07 
o n l a  

-n 0 7  4 
- 0 0 7 5  

-10 0 7  9 

- 9 0 3 a  

-n 0 7  I 

-n079 

-n069 

n o a a  
-0n08 
-0 .008 
-0.007 
-0 .006 
- 0 . 0 0 1  
0b05 
0d04 

0.00 a 

1-0076 
-n 0 7  J 
#-a 0 7  n 
- 0 O t l P  
- n u n u  
- 0 0 7 1  
-n041 
d001 

- o n 0  I 
-0 .009  - OD1 0 . OB07 - on0 a 
on0 o 
0.00 5 
0.001 

-n067 

-01111 - 0 0 7 6  
-0911 -11070 
- o n l a  - 0 0 8 1  
- 0 8 1 1  - 0 U S l  
-on08  - 0 0 9 0  
- o n 0 5  - n o a s  
-onna - n o 6 1  - on0 9 -n n I a 
- o n 1 1  - 1 u b 7  
- o n l a  - n o 7 0  
- o n l a  - D O T S  
-on11 - n o 7 6  

-0.014 - n o 4 6  
- o n o e  - n o 4 1  

- 0 0 0 9  - a o u o  
-0 .007 - D O 7 7  
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130-05s 

0 0 . l  

0 6.0 

179 
1 4 9  

130-06n 
-019 
0 0 1  

0 6.0 
10.0 
3.39 
1 an 

-02n 

o a 5  
I o n  

o an 

o a a a  
o n 4 8  

ne90 o z s a  

n 4 a 4  on96 
n309 on69 

na23 
0.059 D264 

OL14 
O L 3 S  

9534 
0714 

a 2 7 1  - . O O O L  

0 6 7 8  -a003 
no588 -no02 

a077 - n o o a  
n e 1 3  -no00 

a s 7 1   n o 0 1  
a 3 8 9  DO00 

a 7 7 7  a000 

- o n l a  - n o 7 1  - OLJLS -n 07 4 - o n 1 1  -no75 
-on06 -9082 
-on09 - 0 0 8 5  

o n o s  -no82 
0.011 -DO55 
O P 0 6  n o 1 4  

a 2 s a  

-noan  -0.012 -no00 no598 
- n o a s  -on15 nooo 11466 
-no70 - 0 ~ 3 . 4  -no00 

1 2 a 8  -nooa  on06 -no82 
a 4 3 8  

- n o 0 1  o n 1 1  n o 0 0  3 6 1 7  
- n o 7 3  on13 -DOOX 

9722 
- D O 9 4  - O D 0 5  -5001  D973 
-9096 - O D 1 0  - D O 0 0  

~ 1 9 0  -no01 
9 3 9 3  -no01 
n s o a  I - n o 0 1  I -001  4 - 051 6 - O D 1 5  
9604 -9001 -0.013 

3.033  -9001 0.000 

1 4 0 6  I 1  - D O 0 1  OD05 

n a a o  - n o 0 1  - o n 0 7  
~ a 1 6  -now0 on09 

~ 1 7 4  - n o o a  
0 3 5 9  - n o o a  
n448 I - o o o a  

- 0 . 0 1 4  
- 0 . 0 1 6  
-0915 
-OD15 
-0.009 
- o n a s  - OD0 1 
-ones 

-d071 
-9083 
-n089 
-D 0 9  0 
-9091 
-d088 
-.O 0 6  0 
-n085 

-n 07  o 
-n 07 3 -n 0 7  5 

- n o a s  
- n o l a  

- n o s  3 
- 6 0 4 4  

-9079 



24 

- 
& - 
0 4 1  
0 6 1  

0 1s 
0 0 5  
0 01 
0 os 
0 4 1  
0 6 0  
0 8.l 

o a a  

1 a 1  I on 

1 8 0  

14.0 
16.0 

0 6 1  
04.0 
0 1s 
0 0 5  
0 03. 
0 0 5  

040  
D6.0 
08.0 
I OD 
1 2 1  
14.0 
1 6 1  
1 8 0  

D61 
04.0 
DaS 
0 0 5  
0 01 
0 0.4 

D 4J  
0 6 - I  
D 8 3 .  
103 .  
18.0 

16.0 
180  

D 6 . l  
0 4 a  
D 1.9 
D 0 5  
0 O-I 
0 os 
0 4 1  
0 6 J  
D 8 . l  
I O 0  
L 11 
14.0 
1 6 1  

0 8 1  

0 2 0  

14.0 

Dan 

Q 

- 0 . 0 0 8  
- 0 . 0 0 9  

- O D 0  3 
-OD01 
- 0 . 0 0 0  

0 . 0 0 1  

0.005 
OD01 

OD09 
0.012 
0.018 

0.034 
O D 4  3 

o n a d  

0.01 a 
-0 .010  
- 0 . 0 0 7  
- o o o a  
-o l roa  
0.001 
OD01 

O D 0 5  
ODOa 

OD09 

0.019 

0.035 
O D 4  5 
0 .056 

-0.010 
-0 .006 
-0.004 

0.000 
O D 0 1  

-0.001 
0.001 
ODOS 
0.009 
OD15 
ODP 1 

0 . 0 5 8  
0.04 9 
0 .057  

on13  
o o a 7  

o a a  5 

- o a l a  
- 0 0 0 9  
-0.006 
-0 .004 
-0 .001  
-0.003 
- 0 . 0 0 0  

0 0 0 7  
OD1 5 

0 0  o a  

o o a  I 
0.086 

0.047 
0.0 35 

0 0 5 6  

D l ?  5 

D l 6 1  
D l 6 7  

101 5 6  

0 1 4 1  1 oa 
D l 1 9  
Dl 0 6  
DO95 

1 6 1  

0 1 4 8  06..0 

I an  

- 
9. 

- 0 0 1 3  - OD09 
-0.004 
-0.001 
- O D 0 1  

0.003 
OD06 
0.010 

onoo 

0.015 

o s s a  
o n a a  
0.04 2 

0.067 
0 0 5 5  

a 2 1 1  1.?0-06n - o n 1 7  
n u n 3  - 0 4 ~   - 0 ~ 1 3  
D l 9 8  
a19 0 

-01s -on08 
D l 8 8  

- 0 0 5  -0 .004  

at 8 7  
0 0 2  - 0 0 0 4  
00.6 - 0 . 0 0 3  

01-78 
~ ~ 6 9  

oan  O D O O  

0 1 6 4  
0 4 s  0 0 0 4  
061 001i 

a1 5 6  
0 1 4 7  

0 8 0  O D 1 6  

0 1 3 5  I a n  0 0 3 7  

Dl 0 7  
141)  0.051 

D O 9 4  l e a  0 0 8 8  
1 6 1  0 0 7 0  

 on 0.016 

n l a 3  

na.6 a a z - o 6 ~   - 0 0 1 9  
1020 - 0 . 0 0 8  1082s 

D a  1 s  - 0 0 5  - 0 0 0 5  
D 2 0 9  

0 0 5  -mas 
0 0 1  -0 .004 

sal0 
a 2  n a  o a a  0.001 

0 4 1  0.007 

0 4 1  -0015 

0 1 8 6  0 6 1  0.013 
0 1 7 6  08.0 o a a z  

10.0 0.034 

D l 3 8  14.0  OD68 
l a 1  o n s o  

1 8 1  o a o a  
16.0 onas 

.oo 9 7 

.0a6 2 

4 8 3 0  
a a 1 7  
0 a 2 1  
~ 2 a 0  

a a u s  
n 1 9  a 

5 2 4 4  

9 8 1 8  

a 1 8 7  
0176 
0 1 5 8  
D l 4 0  
01 17 
D O 8 6  

- 
U 

'd111 
' A 0 7 1  
. . 0 o s 1  
, 0 0 0 6  
n008 
d017 
n o 4  9 
n084 

D a o l  
a a a g  
n a 6 3  

- 

d164 
0130 

0 2 9 3  
d531 

0 0 9  5 
1106 P 
13007 
n o a o  
a o a o  
0 0 8 9  

11138 

o a o a  

0 0 5 7  
b097 

0170 

a 2 6 7  
11a54 

0 3 0 5  
0 3 6 0  

n089 
.004? 

d019 

d048 
0 0 6 9  
d105 
0 1 4  5 

n013 

a o s a  

0 1 - 1 9  
na04 

na68 
.00251 

DJ13 
a 3 5 5  

C1 or h 

- n o 7 7  - 0 . 0 5 2  .a165 
-10076 - 0 . 0 5 0  0 1 6 1  
- 0 0 7 5  -0.049 D l 1 6  
-0073 - 0 . 0 4 8  ,0113 
.a073 - 0 . 0 4 8  ~ 1 5 1  
. n o 7 8  - 0 0 4 8  0 1 5 0  

. ~ 0 6 8  - o n 4 6  A I Y ~  

-.oo6a - 0 ~ 4 a  11111 

. n o s 4  -0a33 o o s o  

. n o 4 9  - o n 8 9  ~ O L T  

. a 0 4 4  - o n a 7  - 0 0 0 9  

. D O 7 1  - 0 . 0 4 7  ,0146 

- D O 6 5  - 0 . 0 4 4  0 l P G  

. a 0 5 9  -0.040 D O 9 3  

.DO57 -0.036 D O T S  

. n o s 7  - o n 4 6  a l l 3  

.0054 - o n 4 0  d i u 5  

.a054 - 0 0 4 0  n l  , n o s 4  -01140 D I O S  

. D O 5 3  - 0 . 0 5 9  0 0 9 9  

. n o 5 a  - 0 . 0 5 ~  0 0 9 5  
- 0 0 5 1  - 0 0 5 8  n o a s  . n o s o  -010~6 D O T E  

. . 0 O S 6  - 0 0 4 8  
,DO65 -0.041 

, 0 0 4 7  -0.036 0 0 6 3  
, 0 0 4 4  -OD34 0 0 4 1  
.BO59 -0.033 0 0 1 7  
, 0 0 3 5  -0833 D O O O  
. a030  - 0 a 3 a  - n o 1 6  



B 

aos 

-043 
-06.2 

-025 
- 0 O . l  

0 3.7 
01.8 

0 7.7 
0 5-7 

0 9 -7 

- 0 7 9  
- 0 5 9  
- 0 3 9  
-02.0 
00.l 
02.0 
0 4.0 
0 6.0 

10.0 
o 8.0 

- 0 7 8  
-05.7 
-03.7 
-019 

- o a a  

o o a  o aa 
0 4.2 
0 6 2  
0 8 2  
l o a  

- a59 -08.0 

-04 .0  
-02.0 
- 0 0 1  

0 1 9  
0 3 9  
0 6.0 
0 8.0 
1o.l  

-08.0 
-0  5 9  
-04.0 - 0 2.0 
- 0 O . l  

0 2.0 
04.0 
0 5 9  
0 8.0 
0 9 9  

::a 
-043 
-023 
-003 

O l f l  
03.0 
0 5.7 
0 1 8  
0 9 9  

- 0 8 . 0  
-05.8 - 0 1.7 

0 0 3  
0 2 3  
043 
06a 
o e a  
1 0 3  

9. 
- 0.021 - 0.015 
-0 .011  
-0.008 - 0.00 5 - 0.00 3 

0.00 1 

0.00 8 
0.012 

- O D 1  9 
-0.014 - 0.010 - 0.00 6 - OD04 - 0.001 

O d O  2 
0.00 5 
o o o a  
0 . 0 1 4  

o n 0 4  

:X%;: - 0.01 3 - 0.00 9 - 0.00 8 - 0.00 3 

0.00 i? 
0.00 6 
0 - 0 1 1  

- o n 1 9  
-0013 - 0 . 0 0 9  - 0.00 6 

O D 0  1 
0.00 4 
0.00 7 
0.010 
0.014 

- OD18 

- o n 0  4. 

- 0.012 - o o o  a - 0.00 4 - 0.00 1 
000 3 
0.00 6 
OD0 9 
0.0 1 4  
o n 1 9  

- 0.01 9 - 0.012 - 0008 - 0 0 0 4  
O D 0  1 

O D 0  7 
on0 2 

o n l o  
0.01 6 
0.023 

- o n 2  5 - 0.014 - 0.00 3 
0.00 I 

0 0 0  9 
0.00 4 

0.014 

0.033 
oaaa 

% 

no85 
DO72 
~ 0 6 a  
DO57 
nos5  
0 0 5  3 

DO54 
xlosa 
x106a 
.O 0 7  2 

1 1 0 8 3  
a 0 7 0  
0 0 6 4  
0 0 5 9  
D O 5 4  
0 0 5 3  
0 0 5 6  
0 0 5 8  

0 0 7 5  
Q 0 6 5  

0116 

o o a a  
11093 

0 0 7 2  
0 0 7 4  
.0072 

o o a o  
o o a l  

. 0 1 a 2  

A 1 0 2  

11107 
D l 1 3  

DO93 
DO99 

0 0 9 7  
DO94 

D l 0  0 
0 1 1 0  
a l a 1  
a l o a  
D o 8 9  
D O 8  0 

DO75 
DO76 

DO75 
13 0 7 7  
.0083 
.o 0 9 5  
a 1 1 0  

a 1 0 5  
13090 
, 0 0 8 0  

DO73 
DO74 

n o 7 5  

0 0 7 9  
~ o a 6  
11099 
D l l Y  

9 1 0  7 
11086 
DO70 
DO69 
11010 
DO75 
0 0 8 7  
0 1 0 6  
a130 

cm 

-11143 
-a110 
-.O 0 7 4  
-.0 0 3 5  
D O  1 2  
D O 5 1  
DO88 

13162 
a201 

DL  aa  

- D l 4 5  

-a 0 7 3  
- . O i l 1  

-'a 0 33 
.o 0 13 

130 9 2  
DO55 

.o 131 
Dl69 
13903 

-D 144 
-.0109 
-.O 0 6 8  
-I) 0 3 4  
DO19 
0068 
0 1 0 4  

0 1 8 4  
a 1 4 0  

a a a s  

- D l 4 5  
- . 0 I l O  
-.0 0 7 2  
-D 0 36 
DO09 
a 0 5 0  
D 090 
D l  3 1  
D l 6 6  
11203 

-D 1 6 0  
- a 1 2 3  

-a 0 4 2  
- . o O O l  
D O 4 1  
0 0 8 6  

a 1 5 9  
a 1 9 5  

-a o a 4  

a l a 3  

-a 1 5 8  
-D 1 1 9  
- D O 8 5  
-D 0 4 4  

13041 

a 1 2 0  
a 1 5 9  
D 1 9 7  

-a o 05 
a083 

- a i s a  
-0 1 1 7  
-I] 0 36 
D O 0 6  
D O 5 4  
DO98 
a 1 3 4  

D 2 0 4  
a 1 7 1  

cz 

-a001 
-DO01 
-0001 
-0001 
-0001 

-a001 
-0001 

-11001 
-0001 

- n o 0 1  

- n o o x  
-Doof. 
-.0001 
- D O 0 1  
-DO01 
-.0001 
- .0001 
- a o o o  
- a o o a  

-0002 

- n o 0 1  

-.0000 

-a00 

-DO02 

-DO01 
-a001 
-DO01  
-DO01 
-a001 - a o o i  
-a001 
- D O 0 1  
-0001 
-a001 
- 0 0 0 1  
-13001 

-a001 

-0000 

D O 0 0  
-a000 
-.0000 
- . D O 0 0  
-a000 

-.0000 

-ROC30 
.0000 

DO00 
.0000 

a o a o  
13000 
DO00 

a000 
a000 

D O 0 0  
a000 

-a000 
-DO00 
-.0000 
-D 00 0 

- D O 0 0  
-.0000 
-.0000 
.0000 

- n o o o  
- n o 0 0  

-0000 

- n o 0 0  

n o o o  

- n o 0 0  

cp 

-0.00 s 
- 0.007 -0.008 

- 0 . 0 0 6  - 0.00 7 - 0.00 7 

- 0.00 7 
- 0.00 7 

- 0.00 9 

- 0.00 9 - 0.00 9 - OD08 - 0.007 - 0.007 - 0.00 6 

- 0.00 7 
- OD0 7 

- 0.00 8 - 0.00 9 

-0.008 
- 0.00 9 

- 0.00 7 

- 0.00 6 - 0.00 6 

- 0.00 6 - 0.00 6 
-0 .007  

- 0.01 0 - 0.00 9 

- 0.00 9 
- oao 8 -0.008 

- OD0 6 
- 0.00 8 
- 0.00 7 

-0.008 
-0.009 - 0.01 0 

-0.008 

- on0 6 

- o n l o  

- 0 0 0 7  
- o n o  a 

- 0.00 a 
-0.00~ 

- 0.00 9 

-0 .007  
- 0.00 7 

- 0.00 9 - 0.011 
- O D 1  2 - O D 1 1  - 0.00 9 

- 0.00 8 - 0.00 0 

-0 .009  
-OD09 

- 0.01 1 

- on0 8 

- on1 2 

- 0.01 2 
- 0.01 5 

-0.010 
-0.00 9 - 0.01 0 
-0.011 

- 0 9 1 4  
- o a l a  
- o a i a  

c, 
-.0 0 53 

- . 0 0 6 1  
- D 0 6 ;  

-11062 
- 8 0 6 2  
-d061 
- 0 0 6 1  
-.O 06 I 

- a 0 5 5  

-d062 
-d063 
-d065 
-d067 
-a 0 61  

- .006 t  
-1) 0 6 7  

--13 0 6 3 
-11063 

-d055 

-D 0 6 4  
-13 0 6 7  
- 1 3 0 6 E  
-.o 0 6 9  
- D O ? C  

- . 0 0 6 7  

- a 0 6 2  
- 0 0 6 4  

-a 0 6  c 
- 0 0 6 1  
-b063 
-11063 
-d065 
-11062 
- 1 1 0 6 4  

-.o 06 c 
-1) 0 5  @ 
-1) 0 5  6 

-.006@ 
- 0 0 6 6  

-a 0 7  c 
-d071 
-a071 
-.O 0 7  3 
-1) 0 6 9  
-.0068 

-d064 
-D 0 6.5 

-n06c 

-a o 6 7  

- . 0 0 6 a  

s : ? ?  
-1) 0 1  3 
-d075 

- A 0 1 6  
- 0 0 7 5  
-d074 
-a074 
-a073 

- . o 0 6 5  
- 0 0 6 7  
-d069 

- 0 0 6 9  
-d069 

- 0 0 6 8  
-a066 

-11061 
-d064 

-n076 
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TABm IT.- AERODYNAMIC cHARAI;TERISTICS OF CONFIGURATIONS AT Oo AmGLE 
OF, ATTACK 
(a) BVWC 

8-e 

1 - 0.01 6 - O D 3  9 
- 0 A 6 5  - 0.09 1 
- o a a o  

- 
. 0 8 A  
.04.l 
0 0 0  

04.0 
0 6 0  
07.9 
10.0 

0 8 0  
0 4.0 

0 8 9  
0 0 0  

0 4 D  

0 8 A  
103 

0 7 9  

o o a  
0 4 A  
0 6 0  
081) 
100 

08- l  
0 3 9  
O O L  

06.l 
04 .0  

10.0 

04.0 
0 0 2  

04.0 
0 6 L  
0 7 9  
l o a  
08. l  
04.0 
O O L  
02.0 
04.0 
0 6 . i  
0 8 0  
10.0 

O B A  
04.0 

02 .0  
00.0 

0 4.0 

0 7 9  
06.0 

10 .0  

o a a  

0 6 0  

0 4 0  

o a a  

oa.0 

08.0 

o a n  

- 

- 
0 5 0 5  

A 4 9 5  

A 4 3 0  
A 4 5 4  
10483 
0 5 1 4  

n 4 e s  

~ 4 9 5  

. o s g a  
D 3 5 9  
A 3 4 1  
A 3 5 6  
a 3 4 5  
A S 5 7  
A S 8 3  
D 4 1 0  

A 3 6 8  
D J 4 a  
a s a s  
.0 331 
a s 5 5  
A S 4 6  
A 3 6 5  

a s a o  

n 3 a a  
n a g 8  

n 2 7 8  
A 8 7 5  

$98,. 
0 3 1 4  
A S 1 3  - 

- 
0 1 7  I 
A 0 8  3 

- D O 4 9  
- A 1 0 0  
- A 1 4 9  
- A 1 9 5  

- n o 0 9  

-10840 

A 1 7  4 
D O 7 9  
-a007 
-no93 
- 0 0 4 7  

- D l 8  9 
-014 3 

- .oa31 

no7 9 
- 0 0 0 2  

A 1 4 4  

- 9 0 4 0  
- A 0 8 1  
-a115 
- 0 1 4 6  
- D l 7  3 

a 0 9  7 

- 0 0 0 7  
- D O S 4  

10047 

3 8 8 %  
-a111 
- a l s o  

- 
A P S l  
0 3 5 5  

0 2 1 9  
0 2 3 0  

0 3 5 3  
o a a 9  

A 4 3 4  

A S 0 6  

D l 9 4  

A S 1 8  
D 2 4 7  

A 3 6 a  

i o a 4 a  

11280 

n 1 9 a  

~ 1 9 4  

~ a a 4  
a i a a  
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TABU V.- AERODYNAMIC CHARACCWISTICS OF CONFIGURP-TIONS AT APPROXLMA!ELY 
IOo ANGLE OF fYL"Ilm 
(a) BVWC; a = 10. . 

r - 0 0 0 5  
- 0 0 8 6  
- n 1 7  5 -n a5 7 

- 0 5 4 6  
- 0 5 0 7  

a-0.70 -- I - 
o s  aa 
0 5 4 0  
0 5 4 2  
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0 5 9 8  
0 5 9 1  
0 5 9 6  
OS93 
0 5 9 5  

0 5 9  1 
o s 9 5  
0 5 9 1  - 

- 
0 5 6 1  
O S 6  5 
0 5 6 1  

05  6 4  
OS6 6 

O 5 b 8  
0 5 b 9  
0 5  67 

0.499 
0.498 
0.49 6 
0.497 
0.49  9 
0.49  9 

0 5 0 6  

0.407 
0.40 s 
0.40 4 
0.404 
0.40 4 
0.40 6 
0.408 
0.410 

m o a  

- 

- 0 8 0  
- 0 5 9  

o o a  
04.1  

0 8 1  
O 6 . l  

1 0 0  

-08.0 
- 0 5 9  
001 

o a o  

o a n  o 4 a  
06a 
o a a  
1 0 0  

- 0 8 0  
- o s 9  

0 0 1  
0 2 0  
04.l 
0 6 0  

100 

- 0 8 0  
- 0 3 9  

0 0 1  
0 2 0  
04.1  

0 80 
0 6 0  

l o a  
- 0 8 0  
- 0 5 9  

0 0 1  
0 2 0  
0 4 1  
061 
0 8 0  
1 0 0  

o 8n 

- 0 8 0  
- 0 4 0  

0 0 9  
0 2 0  

0 6 0  
0 8 0  
1 0 0  

0 4 a  

-on16 
- o n 6 4  
- o n 5 9  

- 0 0 8 6  - 011 5 

0 5 4 6  

D O 0 0  
- 0 0 8  s 
- 0 1 8 0  
- D a b 6  
-0 3 4  3 
- 0 3 9 4  

D l a a  
0 3 4 4   0 0 8 4  
a 1 7 a  0 0 4 s  

- 0 0 x 4  o n 0 4  
-a101 - 0 0 x 9  
- 0 a o 4  - 0 0 4 6  

- n s 6 9   - o n 9 8  
- 0 2 9 4  -0.070 

- a 3 4 5  - O f 1 8  

a a a o  - 0 5 5 4  

a161 - n 4 6 1  

L a t a   - ~ 3 7 0  
1 a 7 5  - 0 3 5 7  

3171  - 0 4 4 5  
a158 - 0 4 6 4  

1173 - 0 4 4 9  
a i 9 4  - 0 4 1 9  

OD7 5 
0 0 5 7  
0 0 0  3 

- 0 0 1 4  
-003s 
-0ns6 - OD74 - OD9 3 

0 5 5 7  OD89 

- 0 0 1 8  - 0 0 0 7  
- 0 1 1 6  - 0 0 2 9  

-Do514 - 0 0 8 4  
- D 3 8 6  - 0 1 0 4  
- 0 4 4 5  - u s 0  

11180 0 0 4 7  

- n e 1 5  - 0 9 6 0  

- 0 a 4 1  

-os15 
4 0 8 9 4  
-0 a8 5 

-oaas 

-0 a 86 

-0 3 0 8  

- D 2 6 5  

-091s 
- o n a s  
- 0 0 4 8  - on5 7 
-0079 

a s 5 7  ana3  
0 1 8 4  o s 4 a  

- 0 0 1 5  - 0 0 0 8  

- 0 2 1 4  - 0 0 5 8  
- 0 1 0 4  - o n a s  

- n s 7 3  -0101 
- ~ a g 8  - o n 8 1  
- 0 4 4 0  - O f 5 0  

- 
-0013 
- 0 1 1 4  

- 0 3 5 8  
- D 4 4 3  
- 0 5 1 8  

%8r: 
- 9 8 3 8  

1139s 

- 0 0 2 4  
0 1 9 8  

-01 3 3 
- 0 8 4 4  
- a 3 4 a  

-0sa.s - 0 4 3 5  

0 3 7 9  

- 0 0 1 5  
11196 

- a l a 9  
- 0 a s s  
- 0 3 1 8  
- 0 4 0 1  
- 0 4 8  4 

0 3 7 0  

0 0 0 1  

- D Z O P  

- 0 3 7 4  

n a o r  
- n o 9 8  

-na 9 6 

- 0 4 3 1  

D l J 7  
D O 0 1  

- D L 5 8  
- 0 1 9 9  

- 0 P 9 4  

0 1 7 0  
0 1 5 4  

- 0 0 7 8  

- n a s 4  

n o g a  

- n o 1 1  
~ 0 4 a  

- 0 0 5 9  
- 0 1 1 0  
- D 1 5 6  
- 0 1 8 9  
-naao - 

0.044 
0 0 0 6  - 0 0 1  7 

ones 

- on4 a 
- m s a  - O D R 4  
- 0 1 1 1  

OD91 

- 0 . 0 0 4  

- O D 5 8  

- 0 2  01 - o a 2  3 

0.091 
O D 5 1  
0 0  O S  

- 0 0 5 3  - 0 0 7 7  
- 0 0 9 6  - Oa16  

0 0 7 8  
OD4 0 
0 0 0 6  

- O D 5 5  
- O D 5 7  
- 0 9 7 6  

0 0 4 0  

- oaae 
- 0 0 8  a 

- ooa s 

- o n % =  

- a n 9  J 

a n a 9  
OD04 

- 0 0 1 3  

- O D 4 4  
- o n e  9 

- 0 0 5 7  - o n 7 6  

O D 5 1  
0 0 5 7  
a n a 4  

- o n o a  
o o l a  

- 0 ~ 4 a  

-0 .018 
- 0 0 2 9  

- 0 0 5 7  - OD77 

E!: 61 
O S 8  3 

0 5 8  I 
0 5 8  6 

0 5 8 5  
O S 8  9 
0 5 7 5  

0 5 8  0 
0 5 7 9  
0 5 8  0 
0 5 8  5 
0 5 7  8 
0 5 7 4  
0 5 7  8 
0 5 8 5  

0 5 4  7 
OS4 5 
0 5 4 6  
0 5 6  5 
OS45  
o s 5  8 

0 5 5  0 
0 5 3 8  

0.49 a 
0.48 7 
0.4.2 
0.48 4 
0.487 
0.48 9 
0.49 I 
0.496 

octoa 
0.401 

0.4Q3 
0.400 

O A 0 4  
0.410 
0.410 

0517 
0 3 1 4  

os11 
os 1  3 
o s 1 5  
O s 1 6  
o s  1s 

o s 1 8  

a s 1  o 

a 3  16 

nass o n 6 9  

- 0 o o a  m o a  
0 1 4 6  0 0 5 3  

- 0 0 7 5  - 0 0 L 6  
- 0 1 5 P  - 0 D J 6  
- .0224 . - O D 5 5  
- ~ a a s  - 0 0 7 4  
- 0 5 4 8  - o a o a  

a 0 9 6  - 0 7 3 5  
3 0 4 1  -07r3  
1 0 4 0  - 0 7 8 6  
1 0 4 4  - 0 7 8 8  
LO54 - 0 7 8 0  

. l o 9 9  - D 7 4 3  
1 0 6 8  - 0 7 6 5  

115s - 0 7 1 ~ 1  

0 0 8 8  
OD4 7 

- 0 0 1 1  
- 0 0 3 6  

- OD7 8 
- 0 a o o  

0.08 S 
OA4 3 
000  5 

o n o a  

- on58  

- o n 1 6  
-0004a 
- 0 0 6 4  
-01186 
-0 . l09  

0.08 8 
0 0 4 6  

- o n 0 3  
- o n a s  
- o m 0  
- o a o a  
- 0 0 5 8  

-0ao2 

101 

-05s 

0 8 L  
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TABLZ V.- AERODYNAMIC CHARACTERISTICS OF C O N E I G W I O N S  AT APPROXIMATELY 
loo ANGLE OF ATTACK - Continued 

(b) BVW; a = 

- 
n 

o .7 a - 

0 9 0  

1 0 0  

1 1 0  

1-50 

1 -7 0 

a s a  

- 

- 
ass 
B# 

.o8n 

. 0 4 n  

0 4 n  
oan  
o6n 
I o n  

, 0 8 0  
, 0 4 0  
, 0 0 0  o a n  
6 4 1  
0 6 0  
0 8 1  
1 0 0  

08.0 

001 

0 4 1  
o s 0  
0 8 0  

- 
, 0 0 0  

0 8 1  

O ~ D  

0a.a  

I on 
0 8 0  
0 5 9  
0 01 

04.0 
06. l  
0 8.l 
I O 0  

o a a  

05s 
0 0 1  

060  
04.1 

0 8 1  
1 0 0  

0 8 0  
04x) 

0 1 9  
0 0 1  

04.0 
0 6 0  

1 0 1  
0 0a 

o en 

o a o  

0 5 9  
0 0 1  

04.1 
O S 1  
0 8 1  
1 0 1  

0 8 0  

o a n  

- 
% 

o s a  a 
0 5 8 7  o s a  6 
o s a 7  

- 
0.50 4 

0517 
0 5 0  3 
0.495 

0 5 9  a 
0 5 7  a 
0.597 
0 5 9 3  
0 5 9 3  
0.58s 
0 5 7 5  
0 5 a 5  

0 5 7 9  
0 5 8  9 
0 5 8 9  

0 5 8 8  

0 5 7  9 
0 5 7 1  

0 5 3 6  
0 5 4 7  

0 5 5 1  
0 5 4 9  

0 5 4  9 
0 5 4  3 

0 5 3 1  
0 3 4  1 

0.48 6 
0 4 7 8  

0.488 
0.488 

0.486 
0.4 8 7  

OA8a 
0.476 

0 3 7  8 
0 5 8  4 
0 5 8  6 
0.387 

0 3 8  4 
0 3 8 5  

0.376 

o s s a  
0 3 8 a  

m e a  

o a e  8 
o a 9  I 
o a g  3 

oas a 
o a 9  a 
o a 8 s  

0 8 9 3  

0 2 8 8  
- 

- 
OD 

1 0 4 9  
0 9 9 0  
0 9 7 7  

- 
a 9 7 6  
D 9 9 0  
1005 
L O 3 5  
1 0 8 4  

1 a 1 4  
a l s a  
d l 4 8  
. l 1 4 5  
1158 
A 1 8 1  

1 1 8 5  
a a l o  

1 8 7 7  
1 8 0 1  

1 8 0 4  
1 8 4 8  
1 a 8 7  

1 1 7 6  
1 1 8 5  

1 3 4 1  

A 1 8 7  
1 1 1 7  
1 0 9 1  
J i l l  
a 1 5 0  
1 1 6 0  

A 0 5 8  

. l o 0 4  
1 0 5 5  

0 9 8 8  

100s 
L O 1 7  

1101 
1 0 5 7  

d a o s  

0 9 9 8  

n e 7 4  0 a a 4  

a 0 1 3  
0 8 5 6  

0 9 1 4  
0 0 7 4  

0 8 0 9  
0 8 1 1  

0 6 4 6  
A 6 9 9  

0 6 5 7  
0 6 4 8  

0 6 7 5  
0 6 5 4  

A 7 0 4  
A 7 5 6  - 

c, 

-.O 6 9d 
-D 8 3f 

- a s o r  
- a 9 0 5  
- 0 9 o t  
- 0 8  71  
- 0 8 1 4  
-n 7 92 

-1 a67 
- 1 5 4 8  
- 1 5 8 C  
-1 5 6 C  
-3 3 5 4  
- 1 3 8 s  
-3 a 6 t  
- 1 0 1 6  

-A565  
- 3 6  a4 - a s a s  
-1633 
-3 6 1 6  
-16OC 
- 1 5 8 2  
-1 5 39 

-1 48 1 
-A461 
-;L48C 
- A 4 8 3  
-1 4 70 
-1 4 53 
- 1 4 4 0  
-1 5 9 3  

- a 3 4 5  
-1 5 8 1  
- 1 5 8 1  
- A 3 8 4  

-.l 3 78 
- 1 3 6 4  

- 1 3 5 8  
-a339 

-10 0 7  
- . i o 4 3  
-2 0 5 8  
- 1 0 6 1  
-.lo54 
- 1 0 4 5  
-1 o a 4  
-0 s 9 4  

- .071a  
- . 0 7 4 1  
- a 7 4 9  
- D 7 4 6  

-D 7 S O  
- a 7 0 7  
- a 6 8 0  

4 7 4 a  

R 

n a 3 :  
- 

Dl1J 
- D O O €  
- 0 0 6 C  

- 0 1 8  4 
- 0 1 s a  
- D a z e  
- 0 a 7 0  

a a s  e 
n.1 a 4 

-d)o 8 3 
- a 0 1 5  

- 0 1 5 8  
-.wzza 
- 0 a s a  
- 0 . a 5 s  

0 a 7  8 

- 0 o a a  
0 ~ 4  3 

- 0 8 5  3 

- 0 1 0 3  
-0.1 a 3 

- 0 . 5  1 6  
- a 5 6  8 

rrae s 
0 1 4 4  - -0-0 i a 

- 0 o g a  
- + 7 a  
- 9 8 4 8  
- 0 3 1 5  
-0  37 4 

o a a g  
-no09 

- D i a l  
- 0 R 6 1  

-.0? J 4 
- 0 2 7 8  

-0318 5 

n i b  6 

011 0 

0117 4 
- 0 0 0 6  
-0.0 3 9 
-noes 
- a l a 4  
- 0 1 6 8  
- 0 1 9 6  

D l 0  7 
0 0 5 0  

- 0 0 0 9  
-0038 
- 0 0 7 0  
- 0 0 9 8  

- 0 1 4 8  
- a l a s  

cr 

OD5 1 
010 € 

- 0017 0 0 0 7  

- OD44 

-0101 
-0B7C 

- 0 1 9 8  

o ~ s  a 
- o a a  I 

0 1 0  3 

0.00 3 

- 0 0 5  0 - 0.07 8 
- 0 1 0 7  
- o a a a  
0106 

- 0.00 4 
OD5 3 

- 0.064 

- 0 1 1 8  - 0 1 4 4  

-0033 

- o n 9  a 

o a o a  
0 0 4  6 

- on6 I 
-0noe  - 0.03 3 

- 0.08 9 
- 0 . l L S  - 0 1 4  1 

0.08 5 
OD4 1 
O D 0  0 

- 0 0 8 0  - on4 4 
-on65 
- 03.1 5 
- 0.09 0 

0 0 7  5 
0 0 5  6 

- 0.01 5 
- 0 0 3 5  

- 0 0 7  1 

o ~ o  a 

-ansa 
- 0.09 a 

ona 6 
OD5 8 

-0 .017 
- 0 0 0 3  

- OD5 4 - 0 0 5  0 - 0.067 - OD8 8 

c, 
-x) s 7  5 
-1) 1 7 7  

d045 
-no a a  
a1a9 
D a a 1  
ass? 
0 4 1 a  

- n s s s  
- 0 1 7 0  
- 0 0 1 1  

.a154 
d060 

D 3 5 4  
0 3 9 8  

-a394 

d018 

0 a 5 a  

- r )aoa  
0 1 8 6  
~ a 4 5  

0 4 4 a  

- 0 5 9 7  
-0 1 6 9  

n a s g  
a l a s  

55a9 

0 5 4 5  

D 5 1 4  

0036 

0550 
.04 4 0 

- 0 a 0 4  
- 0 1 5 6  

0 0 0 0  
d058 
n z s x  a a o a  
n a a a  
a 3 5  3 

- 0 1 6 1  
- 0 0 8 8  
-A 0 0 7  

0 0 3 0  
n 0 7 a  
n l l o  
0 x 7 5  

-.oosa 
n o o s  
n o a o  
n040 

d146 

- 0 0 6 1  

d057 
d068 
0 0 7 6  
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TABLE V.- AERODITAKCC CHAFUCI'ERISTICS OF C O N F I ~ I O I P S  AT APPROXTMATELY 
100 ANGLE OF ATTACK - Continued 

(c) BWC; a = 1O.5O 

a - 9 9 -  - 
0 5 8  5 
0 5 4 1  
0 5 4  5 
0 5 4 8  
OS47  

0 5 3 0  
O S 0 9  

o s 9 7  

o s 4 a  

O b 1 9  
Ob07 
Ob 1 4  
O A O J  
O S 9 4  

0 5 9 5  
o s 9 5  
O S 9 8  
0 5 9 8  
05  9 7  
0 5 9 8  
0 5 9 s  
0 5 9 1  

O S 5 6  
0 5 5 9  

O S 6 3  
0 5 6 5  
0 5 6 5  
O S 6 1  
0 5 5 8  

0.49 e 
o s 0 0  
0 5 0  0 

o s 0 2  
0 5 0 1  
0.498 

0.40L 
0.405 
0.40 6 
0.406 
0 4 0 4  
0 .404  
0.405 
0.40s 

0310 

0 3 1  4 
031 4 

:m 

0 5 6 1  

asoa  
0 5 0 a  

031 a 

0 5 %  a 

- 
O S 4  0 

o s 5  8 
OS57 
O S 5  6 
0 5 6  4 
0 5 4 7  
O S 3 9  

O d l O  
Ob05 
O b 1  1 
Ob10 
O b  I 5  
O b 1 4  
O b 1 4  
O A l O  

Ob07 

O S 9 6  
Ob0 1 

0 5 9 5  
O b O P  
Ob0 0 

o s s a  

x%",: 

- 
0 5 6  1 
0 5 5  9 

0 5 6 7  
O S 6 7  
0 5 7  0 

0 5 7 3  

o s s a  

0 5 7  a 

a s o s  
0.49 9 
o s o a  
O S 0 0  
o s o a  
o s o a  
0 5 0 4  
0 5 0 7  

0.407 
0 . 4 0 s  
0 . 4 0 5  
0 . 4 0 5  
0.406 
0.407 
0.407 
0 . 4 0 9  

0316 
0 3  1s 
0 3 1 5  
o s  16 
O S 1 6  
o s 1 5  
0315 
0 3 1 4  - 

- 0 8 0  

o a n  
0 6 n  

- 0 3 9  
- 0 0 . 0  

0 4 D  

0 8 0  
101 

- 0 8 L  
- a s s  

0 0 1  
0 PD 
041) 
0611 
01a 
1 OD 

- o a a  - 05s 
0 oa 
0 4 0  
06 . l  
01a 
1 OD 

-08.0 

0 0 1  
0 19 

o an 

- 0 4 0  

o 4 a  
0 6 9  oan 
101 

-01.l - o s s  
0 0.l 

04.1 

0 8 L  
0 6 P  

1 OD 

oan 

- 

- 0 0 0 4  
- D O 3 1  
- D O 5 7  
- D O 7 6  

- o o a r  
- 0 8 0  

0 an 
0 6 1  

1 0 9  

- 0 8 1  
- 0 4 D  

0 0 . l  

0 4 1  
0 6 D  

101) 

- 0 8 D  
- 0 4 D  

0 0 2  o a o  
0 4 0  
0 6 D  
0 8 0  
101 

- 0 8 D  
- 0 3 9  
0 0 1  
01s 
0 4 a  
0 6.1 
0 83, 

'829 
o 4 a  

o an 

o a a  

o en 

Lon 
- 0 8 0  
-0ss 
001 

0 4 1  
0 6.l 
0 8.0 
1 0 0  

- 0 8 0  
- 0 3 9  
0 0 . l  

0 4 1  
0 2 0  

oao 

- 

001s o n o a  

- o n 0 4  
- o n 0 1  

- a 0 1 8  - onaa 

O D 0 0  

- O D  11 

DO 6 1  

- D O 0 6  
DO 4 0  

- D O 3 1  

- D O 6 9  
- D O 7 8  
- D O 8 8  

- n o s 1  

L l S 3  - .OS95  
1116 - D 4 7 0  

a131 - D 4 9 1  
1 1 3 4  - 1 ) 4 8 0  
a155 - 0 4 5 6  

1 1 6 4  -.OS76 

L i n g   - n 4 8 9  

1 1 4 s   - n 4 1 a  

0 1 4 9  
n o 7 6  

- D O 0 5  
- D O 4 4  
- D O 8 6  
- D l 1 9  
- D l 5 4  
- D l 8  4 

O D 1 5  
O D 0 5  
O D 0 1  

- 0 9 0 4  
- o n 0 9  
-0 .015 
- O D 8 2  - OD3 0 

D O 7 0  
D O 3 8  

- 0 0 3 6  
- 9 0 4 5  
- 9 0 6 5  

- n o 0 5  

- n o 6 9  -n 0 8  5 

onaa 0 0 7 8  
a 0 4 0  

-no  o s  
- D O  a 4  

-10069  
- D O  4 9  

- D O 9 0  
- D l 1 5  

D l 0 1  
0 0 5 2  - n o i t  

-nor3  
- n o 9 7  
-n118 

- 0 0 4 3  

- 0 1 3 8  

- 0 0 0 %  - o n 0 6  
- o a a a  -01114  

-no 0 6  
- 0 0 8 9  
- D O 5 5  

- D o 9 8  
- 0 0 7 6  

a030  
1 0 3 1  

1 0 3 5  
a o s s  
L O 3 6  
1 0 4 5  
a 0 5 3  

L o a s  

1.P I am - 9 7 3 9  
- D 7 7 5  
- . o r 9 0  
- D 7 9 1  
-1 ) ras  
-0 T 48  
- D 7 1 9  

-n 7 6 9  

0 0 7 5  
n o 4 0  

- 0 0 0 4  

- D O 4 6  
- D O 2 4  

- 0 0 6 4  
- D O 8 0  
- D O 9 8  

on18 
o n 0 6  onoo 

-on11  
- o n a s  
-093s 

-01105 

-01118 n - D O 1 0  
- n o a s  
Z t d :  
- 0 0 7 8  
- 0 0 7 4  

- 0 3 0 3  
- o n 1 1  - OD1 9 -n 5 19 

-n s 7 s  
-nsss  
- D  5 a s  
-a s o 9  

-0 5 5 L  

- 9 5 7 0  

-1) 5 4 7  

D O 8 7  

- n a a a  0 0 4 4  

- 0 o a 4  

- n o 9 4  

- D O 4 9  
- D O 7 3  

- 9 1 1 9  

n a 3 9  
0 1 1 9  

- D O 1  3 
-11081 
- 0 1 4  8 

- D o 2 8 1  
- a z o 8  
-os38 

o n 0 5   0 0 7 4  

O D O S  - n o 3 7  

- o n l a  - n o 9 5  - o s a i  - n o 9 1  

O D 0 1  D O 3 9  
0 9 0 s  - 0 0 1 7  

O D 0 3  -no59 
-OB03 - D O 7 9  

os57 a s 3 9  
o s 5 5  a s 6 3  
0 5 5 2  1 5 7 0  
0 5 5 1  A S 6 8  

0 5 5 1  A S 4 4  

0 5 6 5  a 3 6 6  

0 5 5 0  a s 5 a  

osea a s 5 9  

1 0  -08.0 
- 0 4 A  

o o a  
o an 
o 4 n  
0 6 9  
0 8 1  
1 0 1  

D l 6 6  DO65 O D 1 3  D P S 4  
n a 4 a  - o o a ~  O D O O  - n o o a  n a 9 a  

n o s 3  - O D O Z  a l a 7  

n a 5 1  -013s O D O ~  

- n o 8 9  - 0 0 2 ~  - 0 2 9 ~  DII~ 
-no88 - 0 0 1 8  - 0 a 4 a  ~ 1 7 5  
- n o 7 5  - 0 ~ 0 s  -alga D ~ O O  
- n o 5 4  

D 8 7 8  - D O 4 0  O D O a  - D O 6 6  

0 .497  1 5 0 1  
0 .490  
0.487 

a891 
. l a 9 8  

0.487 

1311 0.497 
A 3 0 1  0 .494  
. l a 9 3  0 .492  
a s 9 5  

0-508 a 3 1 9  

S O  - O E D  

0 0 1  
0 2 D  
0 4 0  
0 6 9  
01a 
l 0 D  

- 0 4 0  

3 0  -oan 
- 0 4 D  

o 0 . l  
0 1s 
0 4 1  
06n 
o s a  
l 0 D  

8 - 9 .4  - oan 
- 0 4 1 )  

0 01 
0 1s 
04.0 
O6D 
0.91 
I on 

0 3  0 

n o 8 8  
-no05 -noas  
- 0 0 5 1  
- D O T I  

D O 3 9  

- 0 0 9 3  
- 0 1 1 9  

0.410 

1 1 0 7  0 .409  
1101 0 .406  
1 0 9 4  0.405 
a 0 9 4  O I O ~  
1 0 9 3  0 . 4 0 4  
1 1 1 6  

11a.r 0.410 
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TABLE V. - A E R O D Y N M C  -STICS OF C O M F I G W I O N S  AT APPROXIMATELY 
loo mGLE OF ATTACK - Continued 
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TABI;E v.- m o m ~ c  czmmrmrsTrcs OF CONFIGURATIONS AT APPROMMA~CELY 
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(a) Photograph of  model. 

Figure 1.- Model details and dhenslons. 
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(b) Dimensional sketch of complete mdel. 

Figure 1. - Continued. 
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(c) D e t a i l a  of canard. 

Figure 1.- Concluded. 
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(a) M = 0.70 

Figure 2.- The effect  of  configuration changes 011 the  lateral-directional. 
s t ab i l i t y   cha rac t e r i s t i c s  as a function of  angle of attack a t  constant 
sideslip angles. 
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Figure 2. - Continued. 
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( c )  M = 1.00 

Figure 2.- Continued. 
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(a) M = 1.30 

Figure 2. - Continued. 
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( e )  M = 2.22 

Figure 2.- Concluded. 
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(a) M = 0.70 

"e 3.- The effect of configuration changes on the lateral-directional 
stabilfty  characteristics as a m c t i o n  of angle  of sideslip  at a con- 
stant angle of attack of oO. 
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(b) M = 0.90 

Figure 3.- Continued.. 
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(c) M = 1.00 

Figure 3. - Continued. 
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(a) M = 1.30 

Figure 3.- Continued. 
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Figure 3.-  Concluded. 
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(a) M = 0.70 

Figure 4.- The effect of configuration changes on the lateral-directional 
stability  characteristics as a function of =le of  sidesli-r, at a con- 
stat angle of attack of 10.5O. L 
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(b) M = 0.9 

F i m  4.- C O n t h U e d .  
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(c) M = 1.00 

Figure 4. - Cantinued.. 
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Figure 4.- Continued. 
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(a )  M = 0.70 

Figure 5.- The effect of  canard deflection on the lateral-directional 
characteristics with the vertical ta i l  on and of f  as a function of 
angle of attack at constant sidesup angles. 
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Figure 5.- Continued.. 



NACA RM A57Ll8 

=t 

c, 
-n? 

0 

( c )  M = 1.00 



62 

-036 

-we 

-028 

-m4 

-Dm 

-016 

0 

w4 

008 

Me 
-a 

-m 

-06 

-w 

-m 

0 

ae 

B 

Lue 

,028 

. a 4  

020 

OK 

m 

008 

004 

0 

-M# 

-m 

-012 

-" NACA RM A 5 W  

. .. 



NACA RM A577X.8 

(e) M = 2.22 

Figure 5.- Concluded. 
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Figure 6.- The effect of cma.13 deflection on the lateral-directional 
characteristics  with the vertical tail on and  off as a f’unction of 
angle of sideslip at a constant angle ..of attack of 0’. 
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Figure 7.- The effect of canard deflection on the lateral-directional 
characteristics with the vertical tail an and off as a function of 
angle of sidesU-p at a constant  angle of attack of 10.5'. 
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Figure 7. - Continued. . 
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